Introduction
The production of the pigments chlorophyll, xanthophyll, and carotelne in greeni plants apparently depends upon the structure of the colloid carrier, the chloroplast (30) , and upon the activity of the protoplasm in which the chloroplast is immersed. The favorable physico-chemical state has been termed chloroplastinsymplex (3) . Production of the pigments probably depends upon the organization of the protoplasm and may be termed a vital or physiological process which involves the activity of certain obscure internal factors. It makes little difference in our present study whether it is assumed that these obscure factors are purely physical or chemical, thus involving no other laws than those that are already known to physicists and chemists; or whether, on the other hand, it is assumed that they involve entities that lie beyond our present knowledge of matter and energy. The organization of the protoplasm which is implied in the use of the term "physiological" will hardly escape any careful observer.
It appears that the production of these pigments depends upon certain factors, some of which are internal and others external. The effects produced by certain external factors may be direct, or they may be indirect, in so far as they affect the "organization" of the protoplasm, which itself may be immediately responsible for the formation of pigment.
The effect of some external factors upon the production of pigmenits has been studied in plants under controlled conditions in our laboratories (3, 5, 6, 7, 8, 9, 10) . It was found that light favored the production of all three pigments; while it was essential for chlorophyll production, the carotenoid pigments could develop to a limited extent in etiolated seedlings, from reserve materials contained in the seed, without the aid of light. Carotene and xanthophyll probably form a respiratory mechanism for the protoplasm in the seedling (3) . Carotene may even be important for the early growth of the seedling, functioning as a "sensitizer" (5, 27, 30) . LAZAR found that carotene (pro-vitamin A) increased the number of roots formed in the cuttings of Impatiens (16, 17, 18) . That some relationship exists between carotenoid pigments and growth promoters is indicated by the fact that the absorption spectra of these pigments coincide closely with the spectral distribution of the phototropic sensitivity of the Avena coleoptile and the sporangiophores which normally contain these pigments (11, 12) . PFEFFER (24) suggested that the absence of chlorophyll in etiolated plants might be due to some disturbance of the nutrition complex.
production of the pigment in light is conditioned by temperature, because additional synthesis of the precursor of chlorophyll depends upon the temperature. The minimum temperature was found to be between 20 and 40 C., the optimum 26°C., and the maximum 480 C. It is interesting that these values agree roughly with the respective values of the temperature which produces variation in the osmotic value of the cells of assimilating tissues in plants. If it is assumed that the osmotic value of the assimilating tissues is an inidicator of the metabolic activity of the tissue (1) then it may be stated that the production of pigment present in the tissue is proportional to the metabolic activity induced by the influencing physical factors of the environment, particularly the intensity of light and the temperature. This follows from what was proved to be true for pigment production under controlled coniditions and from the effect of light and temperature on the osmotic value of the assimilating tissues (2) .
After workingv with external factors under controlled conditionls we proceeded to study the seasonal variations of pigment production unlder normal conditions. Our work extended over a period of almost two years from August 11, 1936 , to May 13, 1938 . The study of xanthophyll and carotene was discontinued after the completion of the first cycle but the study of chlorophyll was extended through both.
Methods
Dutch Sweet Clover was chosen as our test plant because it did not freeze readily and was abundant in our large open lawn, where no shadows struck the plants and where they were rarely disturbed. Tests were usually made monthly; they were made more frequently, however, when rapid variations of pigment content were indicated.
The older method of extracting the pigment from dried material was not employed since losses through alcoholysis and changes in the chlorophyll are often experienced when using this method. The pigments were extracted by the methods indicated by SCHERTZ (26) . BECK'S device was employed for the quantitative determination of the pigments (4). Two hundred leaves (600 lobes) were taken for each test. The green weight was determined before the extraction was made, and the weight of the dry pulp was determined after the extraction was completed. The was never more thani 4.2 times as great as that of the carotene and at one time only 1.5 times as great. The average ratio was 2.9. The regularity with which the ratios change in the different seasons is significant and suggests some relationship of the pigments, if not in their origin or the building of their molecules, at least in their functions. The slight variation of the xanthophyll: carotene ratio is particularly significant. Xanthophyll and carotene appear to be relatively more abundant at those times immediately preceding a growth period; this is in agreement with the notion that carotenoids serve, directly or indirectly, as growth promoters (3, 5, 16, 17, 18) .
Water makes up the major part of the green weight as was verified from the weight of dry pulp taken at the conclusion of each extraction. From a comparison of the green weight and the prevailinig conditions it would appear that relative humidity, soil moisture, temperature, and light influenced the amount of water absorbed. Our results are in agreement with those obtained by URSPRUNG (31) for the seasonal variations of suction tension in plants if we take for granted that high suction tension is interpreted as low water content and vice versa. URSPRUNG's data showed that from June, 1925 to June, 1926 the suction force of Bellis for a given month depended on the distribution, as well as the quantity, of precipitation.
In figure 1 is shown graphically the comparison of green weights and chlorophyll yield during the two years. It is evident at once that the general trend of chlorophyll production and water content (assuming that variations in water content are reflected in the variations in green weight) are the same. The predominant factors (light and heat) probably affect both to about the same degree. Less effective factors such as moisture conditions may affect the one somewhat more than the other, producing local deviations in the direction of one graph from that of the other. The chlorophyll production probably depends in a secondary manner uponi the water taken up by the plant, but the suction tension of the plant depends upon the moisture of the soil (31) . A notion of the soil condition may be obtained from the total precipitation for each month.
Comparing the figures for the winter of [1936] [1937] with those for the winter of 1937-1938, it must be remembered that the former winter was relatively wet (January, 1937 (11, 12, 16, 17, 18) it is not surprising that they should appear in increased quantity in seedlings and mature plants shortly before the time when the plants are developing assimilating tissues in which the chlorophyll will appear and the plants will avail themselves of those factors in the environment which are particularly favorable for photosynthesis. Factors that favor the development of chlorophyll are evidently considerably less favorable for the development of the carotenoid pigments. The decline in the yield of these pigments later was very marked when the chlorophyll was still increasing in quantity (fall of 1936). The carotenoids were also on the decline when the chlorophyll was in the ascendency. In the fall of 1937 things were not the same since the carotenoids were still increasing even after the chlorophyll had passed its secondary peak on September 9. The summer had been unusual, with drought conditions from June to September. The unusual climatic conditions of the spring of 1937 probably caused the slight difference in the general trend of the three pigments from that of the spring of 1936. In a separate series of experiments it was shown that unusually high heat and drought produce a decline in the carotene yield, at least temporarily (10). In 1937 the peak for the chlorophyll ( fig. 2) The relation between xanthophyll content, temperature, and light intensity April 5 alnd the date of the peak which is readily explained by corresponding changes in temperature and light. The predominiant effect of the light and temperature throughout the period is evident.
CHLOROPHYLL
The light factor is quite similar to tenmperature but is predominant. Ten (arbitrary units) is the optimal value of the light factor ( fig. 2) . This value was obtained on May 20, 1937 at the time of the chlorophyll peak. On June 15, it rose to its peak (15) and the chlorophyll declined; it then returned to peak on July 27 and the chlorophyll again declined to a point even lower than on June 15. This additional decline was unidoubtedly caused by the simultaneous rise of the temperature to its peak, which was considerably above the optimum. In spite of the continued high temperature, the chlorophyll rose (July 27 to September 9) because the light factor had returned to the optimum of 10. The chlorophyll could not rise to the value of the primary peak because the temperature was too high. On October 20 the light factor was only 5, the temperature below optimum, and thus the chloro- The relation between carotene content, temperature, and light intensity phyll moved into the winter decline. The low was reached February 8, 1938 . The light factor and the temperature were about the same at that time, as they were December 14, 1936 , on which day the chlorophyll reading was just a little higher. Probably some secondary factors (e.g., soil moisture) were responsible for the difference. The precipitation during the period preceding December 14, 1937 was greater than that during the period preceding February 8, 1938 ; this accounts satisfactorily for the higher value of the chlorophyll content on December 14, 1937 2. There were evident and regular variations. The factors may have exercised their influence directly or by affecting the organization of the protoplasm; the latter notion is the more probable. The general trend of variations was the same for all three pigments. A close relationship was revealed between the variations in green weight and the amount of pigment present which suggested that both depended upon the organization of the protoplasm.
3. The three pigments showed a primary peak in their yields in spring and a secondary one in fall. There were corresponding lows in winter and summer. The times of peak and low were about the same for xanthophyll and carotene but the time of peak for the carotenoids preceded that for chlorophyll. The yield of chlorophyll reached its primary peak early in May and the secondary peak in September. The primary low was in the early part of March and the secondary early in July. 4 . There was always considerably more chlorophyll present than carotenoid pigment. On an average there was 12.5 times as much chlorophyll as xanthophyll and 36.2 times as much as carotene. There was 2.9 times as much xanthophyll as carotene present on the average. The ratios varied considerably for chlorophyll and the carotenoids but very little for xanthophyll and carotene. In all cases the variations occurred in a remarkably regular manner which suggests a relationship of the pigments, if not in their origin, at least in their functions. 5 . The fact that the carotenoids develop vigorously immediately before the growing season is in agreement with the notion that they act, directly or indirectly, as growth promoters.
6. Light and temperature were evidently the factors which most influenced pigment production. Soil moisture played a minor role.
7. There is an evident optimum light intensity and also an optimum temperature. Before these optima are reached the production of pigment increases with light and temperature but beyond the optima, production is greatly reduced. These optima are about the same as the corresponding optima for metabolic activity, as deduced from the Og values of the cell. This suggests that in order to obtain maximum activity and maximum yield
